The objective of the study was to check the occurrence of phenotypic manifestations of germinal mutations in children born within a 30 km radius of the Paks nuclear power plant, Hungary. The study took the form of a comparative analysis between observed and expected rates based on the Hungarian baseline rates, as well as between children born before and after the operation of the nuclear plant Data were taken from the database of the Hungarian Congenital Abnormality Registry completed by active search in the study region, and comprised 26 893 children born between 1980 and 1992 in the 55 settlements of the study region. The results were presented as overall figures as well as being grouped by different congenital abnormalities, in addition to the so-called indicators of germinal mutations: sentinel anomalies, Down syndrome and unidentified multiple congenital abnormalities. The observed occurrence of all but one group of congenital abnormalities corresponded to the expected rate, as did the three groups of indicator conditions. Of the 55 settlements, eight had spatial clusters; however, these could be explained by overdiagnosis or chance. There was no significant increase in the variables studied after the operation of the nuclear plant We conclude that the slightly elevated radiation background (0.2-0.4 (iSv/year) due to the operation of the nuclear plant studied does not affect germinal and somatic mutations in children.
Introduction
Much public concern and scientific interest was generated by Gardner et al.'s reports in 1990 (Gardner et al, 1990a of an increased risk of leukaemia in young people in Seascale, a small town 3 km south of the Sellafield nuclear reprocessing plant in north-west England. 'Gardner's hypothesis' (Doll et al, 1994) postulated that the men's exposure to ionizing radiation led to germinal mutations which increased substantially the risk of leukaemia in their children. This idea stimulated a series of epidemiological studies (Beral et al, 1993; Draper et al, 1993; Kinlen et al, 1993; McLaughlin et al, 1993; Parker et al, 1993) .
In Hungary there is a nuclear plant in Paks ( Fig. 1 ) which started operations in December 1982. The purpose of our epidemiological study was to measure the rate of childhood leukaemia and other tumours in the children aged 0-14 years born within a 30 km radius of the nuclear plant. We were not able to detect any increase in the incidence of leukaemia and other tumours (Czeizel et al, 1995; Siffel et al, 1995) , but this approach gave us an opportunity to evaluate the occurrence of congenital abnormalities (Czeizel et al, 1993b) and particu-larly of the phenotypic indicator conditions of germinal mutations-sentinel anomalies (Czeizel, 1989) , Down syndrome (Czeizel, 1988a) and unidentified multiple congenital abnormalities (Czeizel et al, 1988c; Kis-Varga et al, 1990 )-in the study population. Rates of congenital abnormalities and sentinel anomalies were compared with the Hungarian baseline rates (Czeizel and Sankaranarayanan, 1984; Czeizel et al, 1993b) . In addition, comparisons were made between children born before and after the operation of the nuclear plant.
Materials and methods
The Hungarian Congenital Abnormality Registry is a population-based database established in 1962, which is based on the mandatory notification of malformed cases by medical doctors (Czeizel, 1988b) . The database includes all cases with congenital abnormalities diagnosed from the second trimester of gestation until the age of 1 year and reported to the Registry. The cases are registered and their defects differentiated into isolated and multiple congenital abnormalities. Minor anomalies are not evaluated.
The Hungarian Surveillance of Germinal Mutations was established in 1980 and is based on a subset of outcomes from the above Registry which are considered to be indicator conditions of germinal mutations. Three groups of conditions arc included: (l) a group of 15 sentinel anomalies indicate dominant gene mutations (Czeizel, 1989) ; (li) Down syndrome indicates numerical and structural chromosomal mutations (Czeizel, 1988a) ; and (iii) unidentified multiple congenital abnormalities [two or more different developmental defects in the same individual without the recognition of delineated syndromes (Czeizel et ai, 1988) ] indicate germinal dominant gene and chromosomal mutations (Kis-Varga et ai, 1990) .
The study population included 26 893 children bom between 1980 and 1992 in the 55 settlement areas within a 30 km radius of the nuclear plant. The total number of people in the study region is -155 000. The study population was evaluated using three approaches.
(l) The database of the Hungarian Congenital Abnormality Registry. However, because it was not possible to ascertain whether all cases had been reported, and the sometimes questionable validity of the diagnoses, we also included the following two approaches.
(ii) All available medical records of children aged 0-14 years were reviewed in in-and outpatient clinics of 55 settlements of the study region by qualified nurses. In addition, paediatricians and regional nurses were asked to give an ad hoc report about cases with congenital abnormalities in their catchment area.
(iii) A field study of a cohort of children born in 1982 attending primary school class 4 in Paks and of all children aged 0-14 years bom in settlements with significantly higher rate of indicator conditions was conducted. The birth prevalence of congenital abnormalities (Czeizel and Sankaranarayanan, 1984; Czeizel et ai, 1993b) including sentinel anomalies was analysed. The x 2 test was used for statistical analysis.
Results and comments

Total congenital abnormality rate
The expected rate of total congenital abnormalities diagnosed until the age of 1 year is 65 per 1000 in Hungary (Czeizel et al, 1993b) . The observed rate was 54.2 per 1000 in the study population (Table I) . Of 1458 index cases, 1016 (69.7%) were reported to the Registry; the remaining part of cases were ascertained by active search in the study region. This rate was 55.6 per 1000 in Paks; however, the field study of the cohort bom in 1982 revealed 24 'new' cases. Thus, the total annual congenital abnormality rate increased to 90.9 per 1000. Of these, six cases with vertebral deformity or pectus excavatum had onset after 1 year of age. Of nine cases with congenital inguinal hernia, five cases had surgery after their first birthday. Four cases had unilateral undescended testis. One case had congenital pyloric stenosis. Another case was affected with bronchial stenosis diagnosed during year 3.
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The two cases with a genetic syndrome were siblings with glycogenosis type HI. One case had unidentified multiple congenital abnormality. The annual rate of total cases with congenital abnormalities showed a decreasing trend (Fig. 2) , and deviations from this are considered to be chance occurrences.
The analysis of territorial distribution of cases showed two settlements with a significant increase (Table I) . Harta had only 649 births in the study period. Of 74 cases with congenital abnormalities (114.0 per 1000; x 2 i = 24.62; P < 0.001), 33 (50.85 per 1000) had a congenital dislocation of the hip. This rate significantly exceeds the Hungarian baseline figure (13.6 per 1000) (Czeizel et al, 1972) . Some regions, however, have similarly high rates, which can be related to overdiagnosis due to neonatal screening (Czeizel et al, 1974) . Eight cases (12.3 per 1000) had congenital cardiovascular malformations and another eight had congenital inguinal hernias, these figures correspond well to the baselines. Of six cases with haemangiomas, four had no reliable specification of size due to previous medical treatment (lesions of >2 cm diameter are included in the database of the Registry). Four cases (4.6 per 1000) had neural tube defect and another four had hypospadias, which exceeds, but not significantly, the baseline rates (2.78 per 1000 in neural tube defect and 2.25 per 1000 in hypospadias) (Czeizel et al, 1993b) . Rates of other congenital abnormalities were within the range expected. Among 802 births in Simontomya, 78 had congenital abnormalities (97.3 per 1000; % 2 \ = 13.14; P = 0.003). Two groups had higher rates than expected: congenital dislocation of hip (31 cases; 37.59 per 1000) and congenital inguinal hernia (15 cases; 18.70 per 1000; expected 11.04 per 1000). The observed rates of other congenital abnormality groups correspond well to the expected rates. It should be noted that the observed rate of total congenital abnormalities was significantly lower in 15 settlements than the expected rate (Table I) .
Different congenital abnormality groups
The observed and expected rates of different congenital abnormality groups are shown in Table n . (Specific groups with only one case were combined.) The observed rate was significantly higher than the expected rate for five groups. The recent increased rate of obstructive abnormalities of the urinary system resulted from the increased diagnosis by ultrasound screening, so it will be necessary to revise its baseline rate. The higher observed rate of congenital dislocation of hip is explained by the overdiagnosis due to neonatal orthopaedic screening (Czeizel et al, 1972 (Czeizel et al, , 1974 determined). A technical bias is thought to be the cause of the increased rates of 'other' isolated congenital abnormalities because unspecified haemangiomas were also included. Conversely, many congenital abnormality groups (e.g. neural tube defect, pyloric stenosis, other specificied multiple congenital abnormalities) had lower rates than expected.
No congenital abnormality groups showed significant time (year) clustering. However, two groups were spatially clustered. Four boys (bom in 1981, 1986, 1989 and 1992) with pectus excavarum were found in Gederlak (x 2 , = 113.87; P < 0.001); however, it is difficult to distinguish between minor and major forms of this deformation and so the appropriate baseline rate is not known. Another four boys in Batya (two in 1988, one in 1986 and one in 1989) had hypospadias (x 2 i = 11.48; P < 0.001). This congenital abnormality has a multifactorial origin.
Indicator conditions of germinal mutations
The expected number of cases with sentinel anomalies was eight, while the observed number was nine (Table III) -Of these cases, three were retinoblastoma. Its rate of 0.114 per 1000 exceeded the expected rate of 0.032 per 1000 (not statistically significant: x 2 i = 1.0; F = 0.32). Thirty-four cases had Down syndrome; this observed rate (1.29 per 1000) was somewhat higher than the expected rate (1.17 per 1000), but not significantly. There was no time cluster. However, one settlement, Madocsa, had a significantly higher observed rate (three cases: 7.96 per 1000; x 2 i = 13.57; P = 0.0002). Two boys and one girl, born in 1985, 1989 and 1991, had pure trisomy. The maternal ages were 25, 29 and 36 years. One boy had a father with cleft lip with cleft palate. Another case died due to endocardial cushion defect, and her mother was bom as twin and mentally retarded due to perinatal cerebral damage. Their parents were agricultural workers. No possible environmental mutagens were detected. This cluster is probably a chance occurrence.
There were 51 cases of unidentified multiple congenital abnormalities; this rate of 1.90 per 1000 is close to the expected rate of 2.04 per 1000. No time cluster was observed. However, four settlements had significantly higher observed rates than were expected. Two cases in Saregres (x 2 , = 8.89; P = 0.003) had complex cardiovascular malformation (Taussing-Bing) with left renal agenesis and congenital postural deformity association (congenital dislocation of hip and congenital talipes Congenital abnormalities near a nuclear power plant equinovarus) respectively. Two cases in G&ierlak (x 2 \ = 7.56; P = 0.006) were affected with ventricular septal defect plus torticollis and hypospadias with perineal haemangioraatosis. In Usz6d (x 2 i = 6.74; P = 0.009) one case had lissencephaly with ear malformation and anal atresia with perineal fistula, while another case had polydactyly and an obstructive defect of the urinary system. Four cases in Akaszt6 (x 2 i = 7.15; P = 0.007) were affected with cleft lip with cleft palate, pulmonary artery stenosis and kidney dysplasia; syndactyly in hands with torticollis; microcephaly with undescended testis; and hydrocephalus, oesophageal atresia, anal atresia, agenesis of right kidney and ureter, left polycystic kidney, undetermined sex and syndactyly in feet. Thus, specific pattern of components within these multimalformed cases cannot be found. Table IV shows some rates studied in cases bom before and after the operation of nuclear plant. Total congenital abnormality rate was lower after the launch of operation than before. Rates of cases with Down syndrome and unidentified multiple congenital abnormalities were somewhat but not significantly higher in the second part of the study period, after the nuclear plant began operation.
Rates before and after the operation of nuclear plant
Conclusions
To our knowledge, this is the first mutation epidemiology study that was conducted to examine whether any increases in the frequencies of sentinel anomalies (indicators of dominant germ cell mutations) and congenital abnormalities can be detected in children born to those living within a 30 km radius of a nuclear power plant. The rates of cases with different and total congenital abnormality observed during an active search in the study population were near to the expected rates. This approach reconfirmed that the database of registries is far from complete. The rate of total congenital abnormalities, including different groups and indicator conditions of germinal mutations, was no higher after the operation of nuclear plant began than it was before. No time clustering of congenital abnormalities were found. Eight spatial clusters were detected in the study region (Fig. 1) . Two of them (congenital dislocation of hip and the other congenital abnormality group) can be explained by technical biases. The three cases with Down syndrome, and the cases with unidentified multiple congenital abnormalities in small villages were a chance finding. Among the different congenital abnormality groups, five had higher observed rates than expected. Three were explained by overdiagnosis. The clusters of polydactyly and reduction defects of limb in this region need further study.
Environmental contamination by the nuclear plant is very low (0.2-0.4 n^v/year) (Kanyar, 1994) . Thus, the surrounding population is not significantly exposed, and this was confirmed by our study. These findings are important to provide arguments against radiophobia for local leaders and people.
Our system is appropriate for the detection of a congenital abnormality cluster and to trace their causes (Czeizel et al, 1993a) . The main focus of our study was a special aspect of germinal mutations, and we found that there was no increase in the rate of their indicators as sentinel anomalies, Down syndrome and unidentified multiple congenital abnormalities. This was also the case in our previous study concerning the impact of Chernobyl radiological contamination in Hungary (Czeizel et al, 1991) . In Norway a decreasing trend was found in the rate of Down syndrome (Lie et al., 1992) , while a significant increase was detected in Berlin (Sperling et al, 1994) after the Chernobyl accident. The so-called 'Gardner's hypothesis' was not confirmed by our study.
